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Cmd> data <- read("","exmpl8.6")
exmpl8.6        12     3
) A data set from Oehlert (2000) \emph{A First Course in Design
) and Analysis of Experiments}, New York: W. H. Freeman.
)
) Data originally from Peggy Swearigen (personal communication).
)
) Table 8.6, p. 179
) Total free amino acids in cheddar cheese aged 56 days.
) Treatments are factor/level combinations of strain r50 
) not added (1) or added (2), and strain r21 not added (1)
) or added (2).  Columns are levels of r50, levels of r21,
) and amino acid response.
Read from file "TP1:Stat5303:Data:OeCh08.dat"

Cmd> data
 (1,1)           1           1       1.697
 (2,1)           2           1       2.032
 (3,1)           1           2       2.211
 (4,1)           2           2       2.091
 (5,1)           1           1       1.601
 (6,1)           2           1       2.017
 (7,1)           1           2       1.673
 (8,1)           2           2       2.255
 (9,1)           1           1        1.83
(10,1)           2           1       2.409
(11,1)           1           2       1.973
(12,1)           2           2       2.987

Cmd> makecols(data,r50, r21, y) # split up matrix

Cmd> r50 <- factor(r50); r21 <- factor(r21)

Cmd> tabs(y,r50,r21,mean:T,stddev:T,count:T)
component: mean
(1,1)      1.7093      1.9523
(2,1)      2.1527      2.4443
component: count
(1,1)           3           3
(2,1)           3           3
component: stddev
(1,1)       0.115     0.26959
(2,1)     0.22212     0.47706
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���<{�!���7K|~}�	��o!D��5"!
��	)9T!�������!��"!.��

�B��9y,���7�	1������7��P���o	"�#�+�����z!��"!W���)Fx6H	���	�7"��!)qqO!����t8B7���5�	��"!��-��9T!
	Kq���	�71��	�8-!��fF
� �J�=�1�yq��]	��r8���L����%!.	��O9T!.71�;!.���-!.����9T!.7��"�

Cmd> treat <- makefactor(r50+10*r21);print(treat,format:"1.0f")
treat:
(1) 1 2 3 4 1 2 3 4 1 2 3 4 Factor for 4 treatments

Cmd> anova("y = treat",fstat:T)
Model used is y = treat
              DF          SS          MS           F     P-value
CONSTANT       1      51.154      51.154   563.94447  1.0526e-08
treat          3     0.87231     0.29077     3.20558    0.083373
ERROR1         8     0.72566    0.090708

Cmd> ss <- SS; df <- DF # save for later���%	��#�+������	������ *�� ��!������+���@������
�$��"!.����5"!�%	��3���.�=�)F
Cmd> anova("y = r50 + r21 + r50.r21",fstat:T)
Model used is y = r50 + r21 + r50.r21
              DF          SS          MS           F     P-value
CONSTANT       1      51.154      51.154   563.94447  1.0526e-08
r50            1     0.65614     0.65614     7.23351    0.027517
r21            1      0.2144      0.2144     2.36365     0.16275
r50.r21        1   0.0017763   0.0017763     0.01958     0.89217
ERROR1         8     0.72566    0.090708

p 5"!�9��fqO!���0
"y = r50 + r21 + r50.r21"

0�B�.���o!����-�.7KqB���+����5"!��o	"�#�+������	���9T�)qO!W�
 |~}¡  �£¢ |~}¡ �¤�¥�|~}¦  �§¢ ¤£̈P|P¤r©H}�¤�̈�©�|~}�¤ª¥A|~}¡ 
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5�	��­	��+��7-!�������!.	"��5���®!A��!/���¯��5"!�9��)qO!W��Fp !.��9 4��A!P���"�����z!�7���� °�±
CONSTANT

¢ ¢²�ª�
r50 ³ ¨W|¦´ �¯�+� ¨W| �ª�
r21 ³ ©H|¦´ �¯�+� ©�} �ª�
r50.r21 ³ ¨�©�|µ}z´ �¯�o� ¨T©H|~} ���
ERROR ¥A|~}¡ p 5"! ¥ |~}#	��o!�7-�H�����A!P���"�����z!�7�����,�$�����5"!.
]9y	�¶"!

$�����5"!�!��=�·�.����!.��9�F
Ry5"!�7«��5"!]qO!.���t8�7��J�S¸�¹�º�¹A»"¼B½�¾�0)!.	"��5 � ?����	1�����1���z�D��!.��������5-!���7AqH����	1��!)q/° ± F
Ry5"!�7«��5"!]qO!.���t8�7��J�¿»OÀHÁN,�	���	�7���!�q�0����-Â��9����%!r���39y���+�z��	���!)q.F p 5-!]���u	�7Kq � ?"�1��	1�s?���1�������Ãqs!.�"!�7Kq§�.7«��5"!/���ÄqO!����P�¯��5-!u��!.��9y�fF� 9Å	�
�7O������!.���£Æy5�	1�Ç
O��$���5���7�¶����¯qs�A!��fFp 5��J�����­	ÃqH�J��	Kq���	�71��	�8-!/���ª��	���¶�����,�	���	�7"��!3F
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	�,��z!u�+��®����¶�$��fF
R£����5����39y���z!#�E!��%	��#�+������	��J�­C�	��+�;�%	��#�+����B��9y,���7�	1������7�����7��@��$KqO!�qu��7���5"!�!����-!.����9T!.7��ÄI·�
•
� �.��	�7�
��o	"�#�+��� Æ£����5�	��z!.�-!W���f0������S9y	���7!W�=��!��#� ����5�	������� \ \\\	���� ^ ^^^


 


����� F
•
Ry5"!�7«�OÆ����%	��#�+�.��5�	��"!�	�	�7Kq«,��z!��"!W���)0�%!.���-!A�#�����-!W��
f0���5"!����£�-Æ��P?KÆy	�
���7���!.�A?	"�#������7«����5�	��
���� \ \\\���������� ^ ^^^


 


������� ���
� ��� v vvv 
 


������� ���

•
Ry5"!�7«��5��%!�!��o	"�#�+������5�	��"!�	f0�,�	�7Kq£��z!.�-!W���)0W��5"!����£��5��o!�!�Æy	�
���7���!��=	"�#���®��7����5A	A�

DF = (a - 1)(b - 1)(c - 1)

•
	�7Aq/�-�­��7p 5"!�9y	���7�!P��� !��#�̄ qO!.8��%!�!��������%�%!�!)q��39 	��%!���%!#�=��
�$�7����-!.����	���F

R£����5���7"�B�39y���z!H��!­�.�r�o��	��3���®�.7�	��;�%	��#�+������	��J�C�7O��� 	��+�#�B�39y,���7�	����®��7�����7���5"!�!����"!�����9�!�7��ÄI 0��71�E!��=	"�#���®��7�� � 9y	�
­,"!��)9y	��+�z!���0�,�$�� 7"!.�-!.���	��Ä8O!.��F
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•
� 	"�#�+���y� 5�	��­	��z!��"!W���

•
� 	"�#�+����6u5�	���,��z!.�-!W���fFp 5"!�7«��5"!D�OÆT���%	��#�+��� 9��fqs!W�;�����£��5"!�	�n�,9T!.	�7�� ¢ |~} �§¢ ¤£¨P|P¤r©H}�¤-¨�©�|~}

5�	��S9����%!D��5�	�7­	�,���	���	)9T!H��!.���f�
GH	��=	�9T!H��!.��� �H$)9y,"!��

¢ &
³ ¨ | ´ 	
³ © } ´ ,
³ ¨�© |~} ´ 	�,p ����	�� 	�, ¤ 	 ¤ , ¤ &��
	�,p 5"!��o!�	��%!�9Å	�7�
­�"!H�����P�y¢ 0 ³ ¨ | ´ 0 ³ © | ´ 0�	�7Kq

³ ¨�© |~} ´ Æ£����5«¢�|~}��§¢ ¤£¨ | ¤�© } ¤O¨T© |~} F
��$��1� 	����J7«��5"!/��7"!��%	��#�+���N��	��"!�Æ£����5]9��fqO!��¢ | �£¢ ¤�¨W| 0�
-��$­7"!�!)q/�%!.�1���A���3������7������
!.7���$��%!�$�7�����$"!���	���	)9T!#�E!�����	���$-!.�fF

6

Statistics 5303                                                        Lecture 17                                                  October 11, 2002p 5"!�9����������39�9���7��-!H� �����%!.�1�������3���®�.7��­	��%!� | ¨ |P���P0��-� ¨�� ��?OC ¨��T¤�¨��N¤ FtF�F ¤£¨�� ��� I
� } © }��ª�P0��O� ©"! �­?-C ©���¤�©#��¤ F�FtF ¤r©"! �$� I
� | ¨T© |~}��ª��0%���«&10�FtF�Ft0<, C��%��Æ ��$)9y��I
�-� ¨T©"� }��­?-C ¨�©�� } ¤�¨�©"� } ¤ F�FtF ¤�¨�©"�&���(' }®I

� } ¨T© |~}����P0��;��&�0�FtF�Ft0<	 Ct�B�P��$�9y7���$�9y��I
�-� ¨T© | ! ��?-C ¨T© | ��¤£¨T© | ��¤ F�FtF ¤�¨�© | ' ! ��� I

Cmd> muhat <- coefs(CONSTANT); muhat # estimate of µ
(1)      2.0647

Cmd> alphahat <- coefs(r50); alphahat # estimates of alphas
(1)    -0.23383     0.23383 Adds to zero

Cmd> betahat <- coefs(r21); betahat # estimates of betas
(1)    -0.13367     0.13367 Adds to zero

Cmd> alphabetahat <- coefs("r50.r21"); alphabetahat
(1,1)    0.012167   -0.012167 Adds to zero across rows and
(2,1)   -0.012167    0.012167 down columns
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"!�q/	��r2u,�
r2��	�,��z!.�fF
Cmd> term1 <- matrix(rep(muhat,4),2); term1 # from muhat
(1,1)      2.0647      2.0647 Constant term
(2,1)      2.0647      2.0647

Cmd> term2 <- hconcat(alphahat,alphahat); term2 #from alphahats
(1,1)    -0.23383    -0.23383 r50 term
(2,1)     0.23383     0.23383

Cmd> term3 <- vconcat(betahat',betahat');term3 #from betahats
(1,1)    -0.13367     0.13367 r21 term
(2,1)    -0.13367     0.13367

Cmd> term4 <- alphabetahat; term4 # from interactions
(1,1)    0.012167   -0.012167 r50 x r21 term
(2,1)   -0.012167    0.012167

term1
���«��5"!
��	)9T!�������!.�"!.�=
«���o!.	��O9T!.7��

term2
�����B��7�����	�7��Ç	����·�������%��ÆÅ��	�7Kq/	Kq�q���+�S��q��3Æy7����P��$)9y7��fF

term3
�����B��7�����	�7��yqs�3Æy7��B�P��$)9y7���	�7Kq/	Kq�qB��+�S�u	"���·�����­�·�3Æy�fF

term4
	Kq�qB�«�+�S�
qs�3Æy7��B�P��$)9y7�	�7Kq/	����%�.����·�3Æy�fF

8
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�����
r50

	�7Kq
r21

5�	��"!u��5"!�������9��� 9y	��J7ª!P����!A�3������7�����	��1���f����5"!�
�	��o!��B�.7.?����	�7�� ���"!����%��Æy�����N���P��$)9y7��fFp 5�!u�E!.��9 ���)�
r50.r21

CÄ�t7���!.�=	��#���®�)7����
r50	�7Aq

r21
I �����+��¶"!
	�7���7���!.�=	"�#���®�.7��B��7�����	����"�,-�H��5��·�3Æ 	�7Aq����P��$)9y7­��$)9y�­	��%!]�PF

����$ª��	�7­��$�����5"!D��!.��9Å���+�)8-!#��5-!.����7­�"!.�-!.��	��Æy	�
��«�+�S8H���"!]qH������!.�%!.7�� �"�����«�+����5"!�� 
K|~} F
Cmd> tabs(y,r50,r21,mean:T) # sample treatment means
(1,1)      1.7093      1.9523
(2,1)      2.1527      2.4443

Cmd> fit_A <- term1 + term2; fit_A # Fit with just r50
(1,1)      1.8308      1.8308
(2,1)      2.2985      2.2985

p 5��J�����­	
�"��� ���̄ ��5"!�9T�)qO!W�Q¢�|~}��§¢ ¤£̈ |W��7
Æy5�����5
�%	��3���.��6u����	�
���7O�]�·�P�z!�F

Cmd> fit_B <- term1 + term2; fit_B # fit with just r21
(1,1)      1.8308      1.8308
(2,1)      2.2985      2.2985

p 5��J�����­	
�"��� ���̄ ��5"!�9T�)qO!W�Q¢�|~}��§¢ ¤�© } ��7
Æy5�����5
�%	��3���.�y�²����	�
��­7-�
�·�P�z!3F
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Cmd> fit_AplusB <- term1 + term2 + term3; fit_AplusB
(1,1)      1.6972      1.9645
(2,1)      2.1648      2.4322p 5��J�����­	
�"��� ���̄ ��5"!�9T�)qO!W�Q¢ |~} �§¢ ¤£̈P|P¤r©H}

��7]Æy5�����5���5"!�!W�=��!��#�������T� 	�7Aq­6u	��o!¹A¾�¾���Á����·½.F p 5-!.�%!����­7-����7���!.��	��3������7«��!���9�F
� �J7�	��+��
)0W��5-!r�B��9y,���7�	1������7��P��	��+�Q��!.��9y���J��	�"��� ���̄ ��5"!��%$��o��9��fqO!��¢�|~}��§¢ ¤£̈ | ¤r© } ¤�̈�© |~}
Æy5�����5
�"�����«��5"!�9T!.	�7��ª!���	��3����
)F

Cmd> fit_full <- term1 + term2 + term3 + term4; fit_full
(1,1)      1.7093      1.9523
(2,1)      2.1527      2.4443p 5"!­!P����!A�#���£���T� 	�7Kq/6u	��%!
7O�����B��9Å,���7"!�q	Kq�qH�������"!���
fF p 5"!��o!�������7���!.��	��#���®�.7fF
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 |
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•
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•
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}
•
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•••

Cmd> y_dotdotdot <- tabs(y,mean:T); y_dotdotdot
(1)      2.0647

Cmd> y_idotdot <- tabs(y,r50,mean:T); y_idotdot - y_dotdotdot
(1)    -0.23383     0.23383 alphahat's

Cmd> y_dotjdot <- tabs(y,r21,mean:T);y_dotjdot - y_dotdotdot
(1)    -0.13367     0.13367 betahat's

Cmd> y_ijdot <- tabs(y,r50,r21,mean:T)

Cmd> y_ijdot - term1 - term2 - term3 alphabetahat's
(1,1)    0.012167   -0.012167
(2,1)   -0.012167    0.012167
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� ���
Y YYY v vvv ^ ^^^3bbbb ^ ^^^ [ [[[ _ ___ Y YYY�w www­____ ^ ^^^ c ccc Y YYYp 5"!�9y	���7�!P��� !��#�Ç���u	��%!��o!�9£��7����"��!.71�;�P���5"!�����7A8H�z!��%	��3�+���£���o!�	��O9�!�7��Ç���

���������Q� � | 7 | C�� 
 |
•

?
� 
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I �
�]7 � | C�� 
 |

•

?�� 

••

I � Æy5"!.7�7 � � FtF�F �ª7����ª7
Ry5"!�7«��5"!.�%!�	��%!u�OÆ����%	��3���.�=���������7�, � |¡C�� 
K|

••

?
� 

•••

I � ��7�, � | �¨ | �
�����N�ª7�, � |¦C�� 
K|

••

?
� 

•••

I � �ª7�	 � } �© } �	�7Aq ��� ��� ��7 � | � } C�� 
 |~}
•

?
� 
 |
••

?
� 

•

}
•

¤ � 

•••

I �
��7 � | � } �T̈©H|~} �

:<7�!.	���5���	��"!�0W��5"!�9y$����������+�®!.�����«��5"!�7�$�9Å,-!.�������	���$"!�����7���5"!��"�������£9T!.	�7���7���5"!
��$)9�?9Å	�7Kq�0 � 
 |
••

0 � 

•

}
•

���!� 
 |~}
•

F
Cmd> n <- 3; a <- b <- 2

Cmd> vector(n*b*sum((y_idotdot - y_dotdotdot)^2), SS[2])
(1)     0.65614     0.65614

Cmd> vector(n*b*sum((y_dotjdot-y_dotdotdot)^2), SS[3])
(1)      0.2144      0.2144

Cmd> vector(n*sum(vector(alphabetahat^2)), SS[4])
(1)   0.0017763   0.0017763
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rL'�%	��3���.�A�J	���9��fqs!W��F
Cmd> print(mu,alpha,beta,alphabeta)
mu:
(1)        75.3
alpha:
(1)         6.1        12.1         6.4       -18.4        -6.2
beta:
(1)        -5.3         4.1        -2.3         3.5
alphabeta:
(1,1)         7.2        -1.8         1.4        -6.8
(2,1)         1.9        -0.9         0.4        -1.4
(3,1)        -2.6           1           3        -1.4
(4,1)        -2.7        -4.6        -6.8        14.1
(5,1)        -3.8         6.3           2        -4.5

Cmd> sum(alphabeta) # interaction sums are 0 down columns
(1,1)          0           0           0 -1.7764e-15

Cmd> sum(alphabeta') # interaction sums are 0 across rows
(1,1)          0           0           0           0           0

Cmd> mu_add <- mu + alpha + beta'; mu_add
(1,1)        76.1        85.5        79.1        84.9
(2,1)        82.1        91.5        85.1        90.9
(3,1)        76.4        85.8        79.4        85.2
(4,1)        51.6          61        54.6        60.4
(5,1)        63.8        73.2        66.8        72.6M 	�����7-�.��	����39�9T!.7����fF

alphabeta'
���­��5"!����=	�7A���"����!����
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mu + alpha + beta'

�B�#9Å,.�t7"!��r	Ã���.	.�t	��C
mu
I 03	��B�P��$)9y7r�"!A�#�+����C

alpha
I;	�7Kq­	��%�3Æ�"!A�#������C

beta'
0P��5"!����=	�7����-���"!����

beta
IN�+�9y	�¶-!
	«��	�,��z!3F
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Cmd> colplot(muij_add, title:"Plot of means in columns vs row
number")

Cmd> rowplot(muij_add, \
title:"Plot of means in rows vs column number")
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Cmd> muij_nonadd <- muij + alphabeta # full model

Cmd> colplot(muij_nonadd, title:"Plot of means in columns vs
row number")

Cmd> rowplot(muij_nonadd, title:"Plot of means in rows vs
column number")
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